Among patients with coronary artery disease (CAD), those with peripheral artery disease (PAD) have a greater vulnerability to cardiovascular (CV) events than those with CAD alone. In a prospective cohort study of patients with CAD, we evaluated potential mechanisms that might explain the adverse CV outcomes associated with PAD. We performed a prospective cohort study of 1018 patients with stable CAD who were recruited from 2000 to 2002. Incident symptomatic PAD events were adjudicated during a follow-up period of 7.2 ± 2.6 years. We used Cox proportional hazards models to evaluate the association between incident symptomatic PAD events and subsequent risk of CV events or death. Models were adjusted for demographics, traditional risk factors, inflammation, insulin resistance and health behaviors. Among the 1018 patients, 50 patients who did not report a history of PAD at baseline suffered incident symptomatic PAD events during the follow-up period. Those patients had a higher risk of subsequent CV events and death compared to those who did not develop PAD. After adjustment for traditional risk factors, symptomatic PAD events remained associated with a 70% increased risk of subsequent CV events (adjusted HR 1.7; 95% CI 1.0, 2.9; p = 0.04) and an 80% increased risk of death (adjusted HR 1.8; 95% CI 1.2, 2.7; p = 0.006). Inflammatory biomarkers were the strongest risk factor contributing to the excess risk. In a contemporary cohort of patients with CAD, incident symptomatic PAD events were associated with an increased risk for subsequent CV events. The increased vulnerability to CV events was partially explained by shared CV risk factors and inflammation.
Introduction
Cardiovascular (CV) disease is the leading cause of death in the world. The detection and treatment of risk factors for CV events is critical to improving health and longevity. Peripheral artery disease (PAD) is common in patients with coronary artery disease (CAD), with a prevalence of 22-42%. [1] [2] [3] Among patients with CAD, those with comorbid PAD have worse CV outcomes than patients with CAD alone. 4, 5 Whether the increased risk of CV events associated with PAD is explained by shared risk factors, such as hypertension or dyslipidemia, is unknown. Other causal factors that have been postulated include lack of physical activity, impaired endothelial function, depressed cardiac function (ejection fraction) and inflammation. [6] [7] [8] [9] [10] Identification of these causal factors and greater attention to their treatment might decrease the excess morbidity associated with PAD among patients with CAD. Therefore, we followed a prospective cohort of patients with CAD to determine how PAD increases risk for adverse CV outcomes and to identify factors involved in this excess risk. A better understanding of the factors leading to worse outcomes in patients with PAD can help identify high-risk subgroups of patients and aid in the development of targeted interventions to reduce morbidity and mortality.
Methods

Study population
We evaluated 1018 patients with CAD who were recruited for The Heart and Soul Study in 2000-2002. The study was originally designed to determine how psychological disorders lead to CV events in outpatients with stable CAD. Detailed methods have been previously described. 11 Participants were recruited from two departments of Veterans Affairs (VA) medical centers (San Francisco VA Medical Center and the VA Palo Alto Health Care System), one university medical center (University of California, San Francisco), and nine public health clinics in the Community Health Network of San Francisco. Patients were eligible to participate in the study if they met at least one of the following conditions: a history of myocardial infarction (MI), angiographic evidence of at least 50% stenosis in one or more coronary vessels, previous evidence of exercise-induced ischemia using treadmill or nuclear testing, or a history of coronary revascularization.
All participants completed a baseline examination that included an interview, physical examination including blood pressure measurement by sphygmomanometer, a fasting venous blood sample collection, a standardized medical history questionnaire, echocardiography, and exercise treadmill testing. Participants were followed for 7.2 ± 2.6 years (mean ± SD). Of the 1024 participants who completed the baseline examination, 1018 (>99%) had followup information on PAD events. The protocol was approved by the appropriate institutional review boards, and all participants provided written informed consent for participation in the study.
Predictor: incident symptomatic PAD
Participants were followed by telephone annually to inquire about PAD events. For any reported event, all medical records were collected and reviewed by two independent physician adjudicators, with review by a third physician to resolve any disagreements. A total of 67 patients suffered symptomatic events during the study. Fifty of these events occurred in patients who did not report a history of PAD at baseline and were considered incident events in our primary analyses. Symptomatic PAD events were defined as meeting one or more of the following criteria, with the majority of events being a combination of three or more of the following criteria: obstruction or ulcerated plaque (>50% of diameter or >75% of cross-sectional area) at or below the internal iliac arteries (n = 40), revascularization, angioplasty, or thrombolysis for PAD (n = 40), exertional leg pain relieved by rest (n = 23), and/or a final diagnosis of PAD by a physician (n = 56). All diagnoses based on exertional leg pain relieved by rest were coupled with a final diagnosis of PAD by a physician.
Outcome: cardiovascular events
Following the baseline examination, we conducted annual follow-up interviews with participants (or their proxies) by telephone asking specifically about hospitalization for 'heart trouble'. For any reported event, medical records, electrocardiograms, death certificates, and coroner's reports were retrieved and reviewed by two independent blinded adjudicators. In the event of disagreement, the adjudicators conferred, reconsidered their classification, and requested consultation from a third blinded adjudicator as necessary. The primary outcome included a composite of events: stroke, transient ischemic attack (TIA), congestive heart failure (CHF), MI, coronary revascularization and death. Secondary outcomes included those events assessed individually. CHF was defined as hospitalization for a clinical syndrome involving at least two of the following: orthopnea, third heart sound, pulmonary rales, paroxysmal nocturnal dyspnea, elevated jugular venous pressure, and cardiomegaly or pulmonary edema on chest radiography. These signs and symptoms must have represented a clear change from the usual clinical status. 12 Stroke was defined as a new neurologic deficit not known to be secondary to brain trauma, tumor, infection, or another cause. 13, 14 TIA was defined as a focal neurologic deficit (in the absence of head trauma) lasting more than 30 seconds and no longer than 24 hours, with rapid evolution of the symptoms to the maximal level of deficit in less than 5 minutes and with subsequent complete resolution. 13, 14 Nonfatal MI was defined based on the presence of symptoms, electrocardiographic changes, and cardiac enzymes using standard criteria. 15, 16 Deaths were confirmed by review of death certificates and coroner's reports.
Patient characteristics
Age, sex, race, education level, and medical history including history of diabetes mellitus were determined by selfreport questionnaire. A history of PAD at baseline was determined by self-report of prior diagnosis by a physician or a nurse, and patients reporting PAD at baseline were excluded from our primary analyses. Height and weight were measured by a standardized protocol, with body mass index (BMI) calculated as weight in kilograms divided by height in meters squared. Participants were instructed to bring their medication bottles to their appointment, and study personnel recorded all current medications. Medications were categorized using Epocrates Rx (Epocrates Inc., San Mateo, CA, USA).
Cardiac disease severity and risk factors
Low and high-density lipoprotein cholesterol levels were measured from fasting venous blood samples. Participants completed an exercise treadmill test according to a standard Bruce protocol. 17 Those who could not continue the standard Bruce protocol were switched to slower settings and encouraged to exercise for as long as possible. Exercise capacity was calculated as the total number of metabolic equivalent tasks achieved. Resting and stress echocardiograms were performed using an ultrasound system (Acuson Sequoia; Acuson Siemens, Mountain View, CA, USA) with a 3.5-MHz transducer. Before exercise, standard twodimensional parasternal long-and short-axis and apical two-and four-chamber views were obtained and planimetered using a computerized digitization system to determine end diastolic and end systolic left ventricular volume and to calculate left ventricular ejection fraction (LVEF).
Potential biological mediators
Levels of high-sensitivity C-reactive protein (CRP), interleukin (IL)-6, tumor necrosis factor (TNF)-α and fibrinogen were determined from fasting plasma or serum samples. High-sensitivity CRP levels were measured using the Integra assay (Roche, Indianapolis, IN, USA) in the first 229 participants and (owing to a change at the laboratory) the Extended Range assay (Beckman Coulter Ireland Inc., Galway, Ireland) in the remaining samples. The lowest detectable CRP measurements with these assays were 0.025 mg/dl and 0.20 mg/dl, respectively. Results from the two assays were highly correlated (r = 0.99 in a sample of 185 participants). 18 IL-6 was measured by using the Millipore Milliplex Map kit (Billerica, MA, USA) and TNF-α by using the Human Serum Adipokine Panel B LINCOplex Kit (Linco Research, Inc., St Charles, MO, USA). Blood levels of two n-3 fatty acids, docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), were measured using capillary gas chromatography as the percentage composition of total fatty acid methyl esters in the red blood cell membranes. 17 Serum adiponectin, leptin and resistin levels were determined by immunoassay (Linco). The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated from fasting plasma insulin and serum glucose levels. 19 
Potential behavioral mediators
Smoking and alcohol use were determined by self-report questionnaire. For alcohol use, the AUDIT-C questionnaire was used. 20 To assess medication adherence, participants were asked: 'In the past month, how often did you take your medications as the doctor prescribed?' Possible responses were 'all of the time (100%)', 'nearly all of the time (90%)', 'most of the time (75%)', 'about half the time (50%)', or 'less than half the time (≤50%)'. We defined medication nonadherence as taking prescribed medications 75% of the time or less. 21 To assess physical activity, participants were asked: 'Which of the following statements best describes how physically active you have been during the past month; that is, done activities such as 15 to 20 minutes of brisk walking, swimming, general conditioning, or recreational sports?' Participants chose one of the following six categories: not at all active, a little active (one to two times per month), fairly active (three to four times per month), quite active (one to two times per week), very active (three to four times per week), or extremely active (five or more times per week). Participants who reported that they were not at all or a little active were considered physically inactive. 11 Self-report has been shown to be a reliable, valid, and accurate method of assessing physical activity. [22] [23] [24] [25] In particular, single-response items have demonstrated excellent construct validity. [24] [25] [26] 
Statistical analysis
Differences in baseline characteristics in those who did or did not experience PAD events during the follow-up period were evaluated using t-tests for continuous variables and chi-squared tests for categorical variables. We log-transformed covariates with severely right-skewed distributions, including CRP, other inflammatory markers, and adipocytokines. We used Cox proportional hazards models to assess the association of incident symptomatic PAD events with subsequent CV events, excluding patients who reported a history of PAD at baseline. The variable was treated as a time-dependent covariate, switched on at the time of the incident PAD event. We ran two sets of models for each of the CV endpoints. In the base model, we adjusted for age, sex, and race. The second model also adjusted for all baseline covariates that changed the estimated effect of PAD on the composite CV endpoint by at least 5% using a previously described screening procedure. 11 Smoking, statin use, diuretic use, and alcohol use were represented as categorical variables. LVEF, IL-6, TNF-α, fibrinogen and hemoglobin A1c (HgA1c) were entered as continuous variables. For the composite CV endpoint, we ran additional models adding these covariates in groups, categorized as traditional PAD risk factors, measures of cardiac disease severity, biomarkers of inflammation, glycemic control/insulin resistance, and behavioral factors. As in the screening procedure, we summarized the effects of adjustment by the relative change in the coefficient for PAD events with respect to the base model estimate, conventionally known as percent treatment effect (PTE). We present the estimated effect of PAD in models adding these sets of covariates one at a time to the base model. We conducted sensitivity analyses to determine whether alternative categorizations of the PAD exposure group changed our findings, repeating our original analyses using a composite time-dependent exposure, defined as a history of self-reported PAD at baseline or incident symptomatic PAD events. Statistical analyses were performed using Stata/SE 12 (StataCorp, College Station, TX, USA).
Results
Baseline characteristics
Patients who had symptomatic PAD events during the follow-up period had more baseline comorbidities than patients with CAD only (Table 1) , including hypertension and a history of revascularization. They had a lower treadmill score and were more likely to be on beta-blockers, statins, and diuretics. As compared with patients who did not have PAD events during the follow-up period, those with symptomatic PAD events had higher baseline levels of inflammatory biomarkers (IL-6, TNF-α, fibrinogen), glycosylated hemoglobin, triglycerides, and creatinine. Smoking was also more common among patients with PAD. 
Unadjusted analyses
Among the 50 patients with incident symptomatic PAD events, there were a total of 474 primary composite CV events, corresponding to a rate of 20 CV events per 100 person-years after a symptomatic PAD event versus eight CV events per 100 person-years among patients who did not have PAD events during follow up (Figure 1 ). For the secondary endpoints, there were 340 deaths, 118 MIs, 152 CHF events, 58 strokes or TIA and 141 coronary revascularizations. Mortality rates in the two groups were 19 versus 5 per 100 person-years, respectively.
Effects of potential confounders and mediators
In our screening assessment of potential mediators, the minimally adjusted effect estimate for incident symptomatic PAD on subsequent CV risk was changed by more than 5% after adjustment for IL-6 (18.0%), diuretics (12.1%), HbA1c (11.2%), smoking (10.%), TNF-α (9.9%), fibrinogen (8.5%), and CRP (5.1%). Overall, adjusting for inflammatory markers (IL-6, TNF-α, CRP and fibrinogen) had the strongest effect on the association between incident symptomatic PAD and subsequent CV events, followed by traditional PAD risk factors (smoking, statins, diuretics) and insulin resistance. Together, these factors explained 45.1% of the age-adjusted association of incident symptomatic PAD events and future CV events. Factors not meeting the screening criterion included alcohol use (4.2%), high-density lipoprotein (HDL) (4.1%), history of revascularization (3.6%), LVEF (3.6%), serum creatinine (3.4%) and the remaining CV risk factors and treatments listed in Table 1 .
Multivariable-adjusted analyses
After adjusting for age, sex, and race, incident symptomatic PAD was strongly predictive of future CV events, death, MI and the need for revascularization ( Table 2 ). The association between PAD and future CV events remained significant after adjustment for potential mediators, including inflammatory biomarkers, glycemic control, comorbidities and health behaviors. The addition of these groups of mediators to the base model is presented in Table 3 , along with the PTE. With regards to secondary outcomes, the association between PAD and death as well as the need for revascularization also remained significant after adjustment for the potential mediators. The association between incident symptomatic PAD and subsequent MI was attenuated after adjustment (Table 2 ). There was no significant association between incident symptomatic PAD events and subsequent hospitalization for CHF or cerebrovascular events. We found no evidence for modification of the associations between PAD and CV events by age, sex or ethnicity (all p > 0.05).
Alternative definitions of PAD
Sensitivity analysis performed using a combined exposure variable of self-report of PAD at baseline or incident symptomatic PAD events during follow-up did not change our conclusions. Patients with PAD remained at a significantly higher risk for the composite CV endpoint (base model: HR 1.6; 95% CI 1.2, 2.1; p = 0.0003; full model: HR 1.4; 95% CI 1.0, 1.8; p = 0.02; details for other models are presented in the Appendix: Table 4 ).
Discussion
In this large cohort of patients with CAD, we found that incident symptomatic PAD was significantly associated with an increased risk of subsequent CV events, death, MI and the need for coronary revascularization. Factors involved in this association included inflammation, glycemic control, cardiac disease severity and traditional PAD risk factors, which explained close to half of the excess risk in cardiovascular morbidity and mortality conferred by an incident symptomatic PAD event. These findings suggest that PAD continues to identify a subgroup at especially high risk for adverse cardiovascular outcomes that might benefit from more intensive secondary prevention. Previous studies have found that the presence of comorbid PAD is associated with an increased risk of secondary events among patients with CAD. [27] [28] [29] [30] [31] [32] [33] [34] Our study extends these findings by demonstrating that, even beyond the poor prognosis associated with concomitant PAD, hospitalization for incident PAD predicts adverse cardiovascular outcomes.
Different hypotheses have been postulated to explain the association between PAD and adverse CV events. These include (1) worse atherosclerotic burden, (2) an increased inflammatory burden, (3) worse endothelial function (with arterial stiffness that can lead to increased stress on the heart) 35 and (4) loss of benefit of physical activity due to a decrease in ambulation. Hussein and colleagues have suggested that this relationship is due to more extensive and calcified coronary atherosclerosis, constrictive arterial remodeling, and greater disease progression. 36 Our results support some of these hypotheses by demonstrating that inflammatory markers (IL-6, TNF-α, CRP, fibrinogen) explain nearly 20% of the association of PAD and CV morbidity and mortality. Insulin resistance, CV severity, and traditional CV risk factors also played a role. However, given that the association between PAD and adverse CV events remained significant after adjustment for all of these factors, it is possible that other mechanisms, such as endothelial dysfunction or oxidative stress, are also involved in worsening the prognosis of these patients.
Given recent advances in the treatment of CV risk factors and PAD, we might expect that the high morbidity and mortality associated with PAD has declined. In contrast to prior studies, 37 we found that patients with PAD and CAD were more likely to receive anti-platelet therapy, statins, beta-blockers, and ACE-inhibitors than patients with CAD alone. However, despite this increased use of protective medications, PAD was still associated with a substantially elevated risk of CV events and death. Our findings suggest that standard medical therapy alone does not fully attenuate the excess risk of PAD.
At the present time, the American Heart Association/ American College of Cardiology guidelines published in 2006 recommend a low-density lipoprotein (LDL) goal of < 100 mg/dl for all patients with PAD. 38 Feringa and colleagues demonstrated that in patients with PAD, higher doses of statins and lower LDL cholesterol levels are both independently associated with improved outcomes. 39 This study, like others, demonstrates that PAD patients have a different pattern of dyslipidemia compared with CAD patients, with lower HDL and higher triglyceride levels. 
Limitations
Our study findings must be interpreted in light of several limitations. First, the Heart and Soul Study includes mostly urban men with existing heart disease. While this may limit the generalizability of results, this population is important to study given their high risk for development of PAD and for recurrent PAD events. Second, the diagnosis of PAD was not confirmed by ankle-brachial indices. Still, incident symptomatic PAD events were confirmed by careful adjudication of medical records and imaging results. Finally, our power to assess the association of incident symptomatic PAD and subsequent CV events was limited by the relatively small number of patients who developed PAD, which may reduce our ability to look at new mechanisms and novel risk factors.
Conclusions
Even in the presence of recommended medical therapy for cardiovascular disease and despite taking into account other comorbidities, patients with CAD who develop PAD remain at significantly elevated risk for secondary CV events, including death, with inflammation appearing to be a strong risk factor for this excess risk. This suggests that patients with PAD are a highly vulnerable subgroup of patients with CAD who might benefit from more aggressive medical therapy or revascularization. Once a diagnosis of PAD is made, the clinician should remember that these patients are at a particularly high risk of death, MI and need for coronary revascularization, and hence should aggressively control known cardiovascular risk factors and be alert to the need for early evaluation of new cardiovascular symptoms. 
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